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Virus in your beans- what to do? 
John H. Hill, Professor, Plant Pathology, Iowa State University 
Jeff Bradshaw, Graduate Student, Entomology and Plant Pathology, Iowa State 
University 
Marlin Rice, Professor, Entomology, Iowa State University 
Introduction 
Soybean viruses have become an increasing problem in Iowa soybeans since the late 1990's. 
Losses due to virus disease include both decreased yield and seed quality conferred by mottling 
of seed coats or hilum bleeding. The principle viruses involved are Bean pod mottle (BPMV) 
and Soybean mosaic viruses (SMV). Of the two , BPMV has been by far the greater problem 
in Iowa. Unfortunately, the two viruses cannot be differentiated based upon symptoms. Both 
viruses cause similar foliar symptoms and seed coat mottling. However, the viruses belong to 
different virus families and have different insect vectors. The BPMV is primarily vectored by the 
bean leaf beetle (Cerotoma trifurcata) and SMV by at least 32 different aphid species, including 
the newly introduced soybean aphid (Hill et al., 2001) , in a non-persistent manner. The two 
viruses can cause significant yield loss with estimates ranging from 8- 35% for SMV and up to 
52% for BPMV In addition, synergistic interaction between the two viruses can cause loss that is 
more than additive, ranging up to 75%. Both viruses can be transmitted through seed with rates 
for SMV approximating 0- 5% in most commercial varieties and for BPMV less than 0.1% (Hill, 
1999; Lin and Hill, 1983). 
For both viruses, mottling of seed coats is a poor indicator of virus presence in seed. A previous 
study showed that correlation coefficients between amount of SMV and seed coat mottling was 
dependent upon variety and ranged from 0.12 to 0.80 (Bryant et al., 1982). For BPMV, data 
showed that, even for a single variety, the correlation between amount of BPMV and seed coat 
mottling varied based upon planting date and year (Table l) (Krell et al., 2005). 
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Table 1. Correlation between percentage seed coat mottling and amount of BPMV in seed samples harvested from 
experimental plots at four different planting dates. 
Year1 Correlation coefficient 
Planting date Cultivar A Cultivar B 
1 0.04 0.95 
2 0.32 0.43 
3 0.84 0.68 
4 0.94 0.36 
Year2 Correlation coefficient 
Planting date Cultivar A Cultivar B 
1 0.80 0.06 
2 0.82 0.33 
3 0.86 0.91 
4 0.66 0.54 
Year 3 Correlation coefficient 
Planting date Cultivar A Cultivar B 
1 0.35 0.08 
2 0.28 0.80 
3 0.79 0.23 
4 0.28 0.78 
Disease control tactics. 
The 2006 growing season has been a seen very high incidence of BPMV in many Iowa 
production fields. The population of first generation bean leaf beetles was as high as the record 
year of 2002 (Figure) leading to a very high incidence of BPMV 
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A recent study suggested that well-timed foliar applications (approximately at growth stages VE-
VC and R2) of Warrior could benefit yield and seed quality when BPMV was prevalent (Krell et 
al., 2004). Significant results were shown at one experimental site. More extensive research at 
three different sites now suggests that, on a consistent basis, insecticides do not increase yield 
and reduce mottling and amount of virus in seed. Insecticide applications did, however, result in 
beetle suppression. 
Considerable concern exists, since the introduction of the soybean aphid, about the impact it 
may have upon the spread of disease caused by SMV It is the only aphid that colonizes soybeans 
in the North Central States. Recent data showed that SMV is, like BPMV, also not amenable to 
control by insecticide application. In an aggressive attempt to control SMV, a foliar application 
of Warrior was applied when the soybean aphid population was approximately l 00 aphids per 
plant rather than the recommended threshold level of 250 per plant (Ragsdale et al. , 2006). Data 
showed that, although insecticide application suppressed aphid populations in Iowa in 2005 and 
in Wisconsin in 2004 and 2005, no impact was measured on the amount of SMV or on BPMV 
(Table 2). 
Table 2. Effect of insecticide treatment on percent mottling, relative antigen (RA) for BPMV and SMV, and aphid days 
in Iowa and Wisconsin in 2004 and 2005. RA is a measure of the amount of virus in soybean seed; a value of 1.0 or 
less is equivalent to no virus detected in seed. Data are the mean of six cultivars. 
%Mottling RA BPMV RASMV Aphid days 
Iowa Treatment 2004 2005 2004 2005 2004 2005 2004 2005 
Control 19.9 29.1 1.06 3.69 1.03 1.11 797 10246 
Insecticide 25.0 16.3 0.85 6.73 0.87 0.80 777 3009 
LSD (0.05) NS 12.7 NS NS NS NS NS 1023 
%Mottling RA BPMV RASMV Aphid days 
Wisconsin 2004 2005 2004 2005 2004 2005 2004 2005 
Treatment 
Control 49.6 24.8 0.81 0.99 1.41 2.32 163 1428 
Insecticide 51.9 24.4 0.79 0.96 1.32 2.43 83 727 
LSD (0.05) NS NS NS NS NS NS 35 591 
Several lines of evidence support the conclusion that the introduction of the colonizing soybean 
aphid may only be of limited significance for the epidemic spread of SMV More importantly, it is 
likely that migratory aphid species are most significant. 
Conclusions from these studies suggest that the best approach for management of disease caused 
by these viruses will incorporate use of tolerant or resistant soybean genotypes. Three naturally 
occurring resistance genes, Rsv 1, Rsv3 , and Rsv4, have been reported for SMV (Hill, 1999). 
However, they have not generally been incorporated into northern soybean varieties. Resistance 
to BPMV has not been reported in cultivated soybean, despite many efforts. A recent cooperative 
between the University of Wisconsin and Iowa State University determined to find field tolerance 
to BPMV using an alternative approach (Hill et al., 2006). By development and use of a seed 
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index, which includes measurement, under conditions of high disease pressure, of percentage 
of seed coat mottling and relative antigen (RA, see Table 2) , several lines were identified as field 
tolerant (Table 3). 
Table 3. Field reactions of soybean accessions to Bean pod mottle (BPMV) and Soybean mosaic viruses (SMV). 
Reaction phenotype 
Tolerant to SMV/BPMV 
Tolerant to SMV/not BPMV 
Tolerant to BPMV/not SMV 
Sensitive to BPMV and SMV 
Accession 
PI 561353, M90-18411, PI 507353 
MN 1301, M92-160047, M91-113037, PI 423826A, A99-216031, NE 3001, U96-
2408, Colfax 
Pl184042, M93-326056, M95-255017, Spansoy 201 
SD96-755, Bell, lA 1008, M94-209135, S097-456, NE2701, LN 98-4446, SD97-
230, lA 2021, PI 511356, Savoy, PI 398311, Pioneer 92B62, Spansoy 250, 
Mycogen 5261, Asgrow 2101, Asgrow 2301, Mark 9824RR (9924). H2494 
Of significant importance was the observation that severity of foliar symptoms was not correlated 
with field tolerance (data not shown). It is important to note that breeding programs based 
solely on severity of field symptoms are unlikely to be successful, and may in fact make the 
situation worse. Producers are encouraged to query seed suppliers regarding field tolerance of 
soybean lines for soybean production. 
Future potential problems. 
In the future , Iowa soybean producers may hear more about Alfalfa mosaic (AMV) and Soybean 
dwarf viruses (SbDV). The impact of AMV on producers is unclear; however, the virus can be 
seed-transmitted in soybean and resistance to a multiplicity of AMV strains has been difficult to 
identify. The virus is transmitted by aphids , including the soybean aphid (Hill et al. , 2001). The 
SbDV is a recently identified virus first found in Wisconsin. For the first time in 2006, the virus 
was found in red clover in Iowa (Robertson, personal communication). It has not yet been found 
in Iowa soybeans. 
Summary. 
It is clear that viruses are becoming a more significant problem for Iowa producers. Tolerance 
and resistance are the best management tactics - yet it has generally been difficult to find . 
Management of virus through application of insecticides will not be consistent. Novel 
approaches may be necessary to insure future sustainability. 
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